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Abstract
Research using animals is controversial. To develop sound public outreach and policy
about this issue, we need information about both the underlying science and people’s atti-
tudes and knowledge. To identify attitudes toward this subject at the University of Wiscon-
sin-Madison, we developed and administered a survey to undergraduate students and
faculty. The survey asked respondents about the importance of, their confidence in their
knowledge about, and who they trusted to provide information on animal research. Findings
indicated attitudes varied by academic discipline, especially among faculty. Faculty in the
biological sciences, particularly those who had participated in an animal research project,
reported the issue to be most important, and they reported greater confidence in their knowl-
edge about pro and con arguments. Among students, being female, a vegetarian/vegan, or
participating in animal research were associated with higher ratings of importance. Confi-
dence in knowledge about regulation and its adequacy was very low across all groups
except biological science faculty. Both students and faculty identified university courses and
spokespersons to be the most trusted sources of information about animal research. UW-
Madison has a long history of openness about animal research, which correlates with the
high level of trust by students and faculty. Nevertheless, confidence in knowledge about ani-
mal research and its regulation remains limited, and both students and faculty indicated
their desire to receive more information from courses and spokespersons. Based on these
findings, we argue that providing robust university-wide outreach and course-based content
about animal research should be considered an organizational best practice, in particular for
colleges and universities.
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Introduction
For pragmatic, epistemic, and democratic reasons, public policy about science should take into
account the public’s views [1–3]. Sound policy design thus requires that policy makers be
informed about the views of the public, and conversely, the public must have access to reliable
and accurate scientific information from sources they listen to and trust. This latter require-
ment is especially important for scientific issues that are ethically controversial, as those will be
viewed through a filter of people’s ethical and moral values rather than just based on facts [4–
7]. Both goals can be met by encouraging robust and truthful dialog between policy makers
and the public.
The use of animals in research is an ethically controversial scientific subject that may bene-
fit from such dialog [8,9]. To this end, Hobson-West argues that use of public opinion in regu-
latory decision-making about animal research provides those decisions with rationale, moral
legitimacy, and democratic legitimacy [10]. Germain and colleagues argue that openness may
help to counter the perceived authoritarian character and “misalignment with public interest”
of today’s science [11]. In Europe, two initiatives with over a hundred signatories have been
established to track and promote openness by organizations that use animals in research
[9,12]. Our organization, the University of Wisconsin-Madison (UW-Madison), has a 20
+ year history of public discussion of animal research that is quite robust compared to most
peer universities in the United States. This history includes debates between animal research-
ers and animal activists, the Forum on Animal Research Ethics (FARE), which over three and
a half years invited 19 speakers with various perspectives to present publicly their views on the
subject [13], in-house and traveling outreach programs sponsored by specific units on campus,
and active engagement with the press to identify when animals have contributed to research
breakthroughs but also to publicly acknowledge and explain incidents when animal research
oversight has failed. Finally, UW-Madison supports a detailed website that presents general
information about animal research results and regulations as well as specific controversies
associated with animal research at the university (https://animalresearch.wisc.edu).
Establishing and maintaining effective public discussion requires that we respect the diverse
demographic, ethical, and science-related underpinnings of people’s beliefs and attitudes
about animal research. This approach is important for efforts to reach a societal consensus or,
more realistically, to move closer to a respectful compromise about the circumstances under
which animal research should be allowed. As members of a university community that con-
ducts animal research and has a history of active public dialog about animal research contro-
versies from multiple points of view, we developed a survey tool to acquire information that
we could use to refine communication within the university community. We asked respon-
dents to self-assess their knowledge of and views about animal research, whether they wanted
additional information about animal research, and from whom they would trust any informa-
tion provided [14].
With these considerations in mind, we designed our research to answer three general ques-
tions that should provide needed background information for the design of effective commu-
nication. (I) Do students and faculty care about animal research? (II) How much do they know
about it? (III) From whom might they want to learn more? Specific questions were: (I) how
important do students and faculty find the issue of animal research; (IIA) how confident are
they in their knowledge about arguments for and against animal research; (IIB-IIF) how confi-
dent are they in their knowledge about how and how well animal research is regulated, and
whether that regulation is adequate; (IIG) how confident are they that they possess the neces-
sary information to make informed decisions about animal research; (IIIA) where do they get
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information about this topic; (IIIB) whom do they trust to be least biased; and (IIIC) do they
want to know more?
Our study populations included two groups at the University of Wisconsin-Madison: a ran-
dom sample of undergraduate students and a census of all faculty. We selected students as one
target population because they represent the largest component of the campus community and
are the primary focus of campus educational efforts. We selected faculty because they have
dominant roles in setting campus policy related to research, as well as in selecting course con-
tent and setting the educational tone for discussions about controversial subjects.
Our findings point to a need and desire for additional outreach and educational initiatives,
and can facilitate the design of strategies to improve the quality of campus-wide discussion
about animal research. This, in turn, can guide the development of sound local and national
policy. This is especially important in the United States, where transparency about animal
research has been the exception rather than the rule [8]. More generally, our study answers the
call for “new research in the humanities and social sciences to inform emerging discussions
and priorities on the governance and practice of laboratory animal research, including on
issues around. . . openness and public engagement. . .,” as called for in the recent publication
“Developing a Collaborative Agenda for Humanities and Social Scientific Research on Labora-
tory Animal Science and Welfare,” authored by an interdisciplinary and international group
[15]. Our report begins to address their research question 16, “Where are the opportunities for
greater meaningful public and stakeholder engagement in the policy and practices of animal
research?”, question 17, “What, and in what contexts, do different publics want to know about
animal research?”, question 18, “How do people’s life experiences and other factors (e.g., pro-
fession, religion, pet-keeping) influence attitudes and behaviors around animal research?” and
question 19, “What factors influence the construction of trust around animal research in
diverse publics?” The audience for our report is far reaching, and will include animal care per-
sonnel, animal activists, scientists, ethicists, educators, spokespersons, administrators, and pol-
icy-makers in positions to influence how animal research is discussed, regulated, and,
ultimately, practiced.
Materials and methods
We conducted a web survey to gauge students’ and faculty’s attitudes and beliefs about animal
research. Questionnaires were administered in English (only) and participation was voluntary.
All aspects of this study were approved by the UW-Madison Education and Social/Behavioral
Science Institutional Review Board.
Student survey
For the 29,536 undergraduate students enrolled in the fall of 2016 at the University of Wiscon-
sin-Madison, the University of Wisconsin Survey Center (UWSC) received a sample file con-
taining non-FERPA protected information for each from the Bursar’s Office. Of these, 2,000
students were randomly selected from each year (freshman, sophomore, junior, and senior,
measured by credits completed) to create a total sample of 8,000. Students were contacted via
an email invitation sent by the UWSC with the subject line “UW-Madison Wants Your
Thoughts on Animal Research!” The email was personalized with the student’s name. The
study used an automatic login procedure for which the invitation included an embedded URL
that was formatted to contain the student’s username and password [16], and that took the stu-
dent directly to the on-line questionnaire. In addition to the email invitation, nonresponding
students received three email reminders, each containing an embedded URL, spaced about
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every 10 days. The field period extended from September 29th to November 22nd, 2016. In
total, 782 students completed the questionnaire for an overall response rate of 9.8% [17].
Faculty survey
A census of the 2,153 University of Wisconsin-Madison faculty was undertaken in the spring
of 2017. Names and university postal and email addresses for university employees were
obtained from the Data Resource Management Technology office at the university. University
employees were selected for inclusion if they were identified as “Faculty” and were currently
employed at the university. Faculty members were contacted up to five times. All faculty mem-
bers were contacted initially with a postal letter printed on study-specific stationery that
described the study’s purpose and included a URL and authentication credentials, which the
faculty member could manually type into a browser to access the survey instrument. The letter
also included a $2-bill cash incentive. Nonresponding faculty members received up to three
emailed reminders to complete the questionnaire. Email procedures paralleled those described
previously for the student sample. In a final attempt to secure participation, remaining faculty
nonrespondents were sent a paper copy of the questionnaire in a postal mailing. In total, 942
faculty members completed the questionnaire for a response rate of 44%.
Questionnaire
The existing literature contains numerous studies of public attitudes toward animals and of
public attitudes toward animal research [18–30]. We reviewed several of the prominent sur-
veys to compile a list of questions and coded them for approaches and themes. Sources
included data from multiple years of Gallup Polls, Pew surveys, and Ipsos MORI surveys on
public attitudes toward animal research and science in general. Based on this review of surveys,
our questions then were developed with input from individual stakeholders within and outside
of the university with backgrounds in animal research, animal research oversight, animal activ-
ism, bioethics, human-animal interactions, and survey design. We chose this diverse group to
help ensure that question selection would not be unduly influenced by any one point of view
on animal use in research. We selected questions that focused on the use of animals in research
based on the purpose of the research (e.g., to test medications), the type of species (e.g., mon-
keys), and the extent of animal suffering. The final questionnaire included items about the
prevalence of and trust in specific sources of information about the topic; past experience with
being vegetarian or vegan and participating in animal research; the perceived importance of
animal research; self-reported confidence in knowledge about animal research and its regula-
tion; attitudes towards animals; the justifiability of specific research objectives and of using cer-
tain species; acceptable amounts of pain; the perceived adequacy of rules and regulations;
information sources; and socio-demographic questions (e.g., gender and age).
The students’ and faculty’s questionnaires were identical except for two demographic items.
First, to identify each individual’s academic discipline, students were asked for their current or
anticipated major(s) (used to impute discipline), whereas faculty academic discipline was pro-
vided by the university. Second, students were asked for year in college, while faculty were
asked for rank (assistant, associate, or full professor).
Statistical analyses
Statistical analyses were conducted with STATA. Bivariate analyses used Wilcoxon/Mann-
Whitney tests and Kruskal-Wallis tests. These analyses are the non-parametric equivalents to
t-tests and one-way ANOVA tests, respectively. Unlike parametric tests, Kruskal-Wallis and
Mann-Whitney tests do not make any assumptions about the dependent variables being
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normally distributed. Since most of the dependent variables are ordinal, we use an ordinal
logistic regression model for our estimation with a proportional odds assumption of identical
log-odds ratio across various categories of the dependent variable. The regression also assumes
an ordinal dependent variable such as a seven- or five-point scale with response categories
moving from a lower to higher rank or vice versa. For dichotomous dependent variables we
use logistic regression for estimation. Significance is indicated with the following notation: �
p< 0.05; �� p< 0.01; ��� p< 0.001.
Results
Study participants and study questions
For students, self-reported majors were grouped into four broad disciplinary divisions: biolog-
ical sciences, physical sciences, social sciences, and arts and humanities. Forty-four students
with undeclared majors were not assigned to a discipline and were excluded from our analyses
of discipline effects. Faculty division was provided by UW-Madison. Numbers (as total “n” or
%) and categories of participants are listed in Table 1.
The proportion of female student respondents was 62% compared to 52% in the undergrad-
uate population. Faculty respondents were proportional to gender, discipline, and rank in the
total population.
To address our first general research question, we asked respondents to rate the importance
of animal research (question I, Table 2).
To address our second general research question about respondent knowledge, we asked
eight specific questions. First, we asked faculty and students about their confidence in their
knowledge about arguments for and against animal research (question IIA, Table 2). This and
several subsequent questions do not measure actual knowledge, but rather self-perceptions of
extent of knowledge. We selected this approach because perceived extent of knowledge likely
will be a primary driver of perceived need for additional information about animal research,
one of our later research questions. Next, we asked students and faculty a series of questions by
which they could self-report their overall and specific knowledge in this area. A critical compo-
nent of informed discussion about animal research is awareness of the current rules and regula-
tions that govern its practice: gaps in perceived knowledge become relevant content for
outreach. The first of these questions asked about confidence in general knowledge about this
area (IIB). The next three specific questions asked for opinions on how well UW-Madison com-
plied with laws and regulations (IIC-E). Answers to these questions can guide the content and
delivery of outreach efforts on this topic and can prompt UW-Madison to respond in a con-
structive and timely manner to concerns within its own community about the protections and
care it provides for research animals. The remaining question about rules and regulations asked
about their perceived adequacy or sufficiency (IIF). Finally, we asked respondents whether they
felt their overall knowledge could support good decisions about animal research (IIG).
Our third general research question asked about sources of information on animal research.
Designing an appropriate communication strategy and engaging in effective public dialog
require that we understand not just how much our audiences know, but also their sources of
information on the issue, how much they trust those sources to provide unbiased information,
and whether they are interested in hearing more from them. We asked students and faculty
three specific questions designed to give us this information. First, we asked them to identify
their sources of information (IIIA, Table 2). Second, we asked them about the extent of their
trust in sources of information, a critical element in effective communication. (IIIB). A third
consideration when designing outreach strategies is the extent of interest in additional com-
munication within the target audiences (IIIC).
Undergraduate student and faculty views on animal research
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In addition to these specific research questions, we wanted to evaluate the effect of certain
respondent characteristics on their survey answers. First, as part of an assessment of general
attitudes toward use of animals by humans, we asked respondents to comment on a statement
about their pre-existing support of animal research taken from Herzog and colleagues’ animals
attitude scale [31] (IVA). Second, to identify respondents’ ratings of the importance of animal
research as a function of their experiences with animals, we asked them to answer two ques-
tions about dietary preferences and animal research experience (IVB).
Research questions
Question I: The importance of animal research. The distributions of answers for stu-
dents and faculty to our first general question “How important to you is the issue of using ani-
mals in research?” are shown in Fig 1. Thirty-seven percent of students and 51% of faculty
Table 1. Categories and numbers of survey participants1.










Biological Science 44.5 38.4
Physical Science 20.2 19.6
Social Science 22.5 24.2







Assistant Professor n/a 20.4
Associate Professor n/a 19.4
Full Professor n/a 60.2
Animal experiences %
Dietary preferences
Vegetarian/vegan, last 5 years 19.6 16.6
Not vegetarian/vegan 80.4 83.4
Animal research experience
Done animal res. project 14.0 29.8
Not done an. res. project 86.0 70.2
Support for animal research %: “I do not think that there is anything wrong with using animals in medical
research.”
Agree 43.4 60.6
Neither agree nor disagree 21.7 18.6
Disagree 35.0 20.9
1Some respondents did not answer every survey question, so subcategories do not always add up to their population
total.
https://doi.org/10.1371/journal.pone.0223375.t001
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Table 2. Survey questions.
Ques. Question wording Response categories
I Many kinds of research studies conducted at
UW-Madison and other institutions use
animals. How important to you is the issue of using
animals in research?
1 = Not at all important; 2 = A little important;
3 = Somewhat important; 4 = Very important;
5 = Extremely important
IIA How much do you feel you know about the facts and
arguments for and against the use of animals in
research?
1 = Nothing; 2 = A little; 3 = Some; 4 = Quite a bit;
5 = A great deal
IIB How much do you feel you know about the rules and
regulations regarding the use and welfare of animals
in research at UW-Madison?
1 = Nothing; 2 = A little; 3 = Some; 4 = Quite a bit;
5 = A great deal
IIC In your opinion, how well does UW-Madison enforce
federal laws and guidelines about the use and welfare
of animals in research?
1 = Not at all well; 2 = A little well; 3 = Somewhat
well; 4 = Very well; 5 = Extremely well; -1 = Don’t
know
IID In your opinion, how thoroughly does UW-Madison
review proposals for animal research in order to
decide whether or not the research should be
conducted?
1 = Not at all; 2 = A little; 3 = Somewhat; 4 = Very;
5 = Extremely; -1 = Don’t know
IIE In your opinion, how often does UW-Madison take
steps to minimize [physical or emotional pain or
suffering/pain or distress] of animals used in research
at UW-Madison?
1 = Never; 2 = Rarely; 3 = Sometimes; 4 = Usually;
5 = Always; -1 = Don’t know
IIF In your opinion, are the rules and regulations
regarding the use and welfare of animals in research
at UW-Madison. . .
1 = excessive and should be reduced? 2 = adequate
and should be maintained? 3 = not tough enough
and should be strengthened? -1 = Don’t know
IIG To what extent do you feel you have the information
you need to make informed decisions about when,
how, or if at all animal research can be acceptable?
1 = Not at all; 2 = A little; 3 = Somewhat; 4 = Quite
a bit; 5 = A great deal;
-1 = Don’t know
IIIA IIIA. Have you ever seen, heard, or read anything
about the use of animals in research from any of the
following sources?
[a] News media in newspapers, television, radio, or
online
[b] Advertisements such as those on billboards or
buses
[c] Social media websites such as Facebook or Twitter
[d] Friends, family, peers, or co-workers
[e] From UW-Madison courses
[f] From any UW-Madison official spokespersons
[g] From any animal activist groups such as the
Alliance for Animals and the Environment, PETA
(People for the Ethical Treatment of Animals), or
HSUS (Humane Society of the US)
1 = Yes; 2 = No
IIIB How much do you trust each of the following sources
to provide unbiased information about the use of
animals in research?
(a-g sources as above)
1 = Not at all; 2 = A little; 3 = Some; 4 = Quite a bit;
5 = A great deal
IIIC Do you feel the amount you have seen, heard, or read
about the use of animals in research from each of the
following sources has been too little, just enough, or
too much?
(a-g sources as above)
1 = Too little; 2 = Just enough; 3 = Too much
IVA To what extent do you agree or disagree with the
following statement about the use of animals? I do not
think that there is anything wrong with using animals
in medical research.
1 = Strongly agree; 2 = Agree; 3 = Neither agree nor
disagree; 4 = Disagree; 5 = Strongly disagree
IVB In the past 5 years, have you ever. . .
[a] been a vegetarian or vegan?
[b] worked on a research project that used animals?
1 = Yes; 2 = No
https://doi.org/10.1371/journal.pone.0223375.t002
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identified the issue as “very important” or “extremely important”. Bivariate and multivariate
analyses demonstrated that importance varied by gender only for students (Table 3; S1 Table).
Variation by academic discipline was observed for both students and faculty, but this differ-
ence did not persist for students in the multivariate analysis. Faculty in the biological sciences
found the issue much more important than any other discipline (odds ratios compared to bio-
logical science of 0.10 to 0.14). No differences were associated with student year in school or
faculty rank (S1 Table).
Taking the answer to the question “I do not think that there is anything wrong with using
animals in medical research” (question IVA) as a general indicator of extent of support for ani-
mal research by respondents, we examined the corresponding distribution of answers about
the importance of animal research as a function of that support. To simplify this assessment,
we grouped agree and strongly agree into an “agree” category. Similarly, the “disagree” cate-
gory was composed of disagree and strongly disagree. As shown in Table 3 for faculty, impor-
tance was highest among both supporters and non-supporters compared to those who neither
agreed nor disagreed. Students who did not support animal research indicated a higher level of
importance for this issue.
Fig 2A–2D illustrate the distribution of importance scores for students and faculty based on
their answers to questions about experiences with animals. Students who answered yes when
asked if they were vegetarians/vegans or if they had done animal research assigned much
higher levels of importance compared to those who answered no. For faculty, dietary choice
had almost no effect on level of importance. Having worked on an animal research project was
associated with a dramatic shift toward greater importance, with two-thirds of faculty respon-
dents in this category indicating that animal research was an extremely important issue.
After assessing how much respondents cared about the issue of animal research, we asked a
series of specific questions to address our second general question about how much respon-
dents perceived they know about critical aspects of the issue.
Question IIA: Knowledge about arguments for and against animal research. For stu-
dents, responses to the question “How much do you feel you know about the facts and
Fig 1. Importance of the issue of using animals in research.
https://doi.org/10.1371/journal.pone.0223375.g001
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arguments for and against the use of animals in research?” had a mean near the middle of the
scale at “some” (Fig 3A). Faculty expressed greater self-reported knowledge about arguments
than did students. For this question, there were no gender differences among students or fac-
ulty (Table 3; S2 Table). Self-reported knowledge was higher among both students and faculty
in the biological sciences compared to other disciplines except arts and humanities for stu-
dents. Self-reported knowledge of arguments significantly increased from freshman to juniors
or seniors, and slightly with higher faculty rank (S2 Table). Self-reported knowledge about
arguments was highest among both supporters and opponents of animal research as compared
to those in the middle.
Although just under 10% of students who received the survey responded, rankings of the
extent of importance of animal research and the extent of knowledge about arguments for and
against animal research were normally distributed with the mean near the scale midpoint for
those who did respond. These findings indicate that student respondents to the survey repre-
sent the full range of positions on overall importance and knowledge of pros and cons of this
issue.
Question IIB: Knowledge about rules and regulations. For the question “How much do
you feel you know about the rules and regulations regarding the use and welfare of animals in
Table 3. Importance of, knowledge about arguments for and against, and ability to make informed decisions about using animals in research.
Respondent characteristics Importance
X (SD), (1–5 scale)1
Arguments
X (SD), (1–5 scale)2
Decisions
X (SD), (1–5 scale)3
Students Faculty Students Faculty Students Faculty
All 3.2 (1.0) 3.6 (1.2) 3.0 (1.0) 3.4 (1.0) 2.8 (1.2) 3.4 (1.2)
Male 2.9 (1.0) 3.6 (1.2) 2.9 (1.0) 3.4 (1.1) 3.0 (1.1) 3.5 (1.2)
Female 3.4 (1.0) 3.6 (1.1) 3.0 (0.9) 3.2 (1.0) 2.7 (1.2) 3.1 (1.2)
Odds Ratio vs. male 2.3��� 0.76 ns 0.92 ns 0.66 ns 0.58� 0.57�
Biological Science 3.4 (1.0) 4.3 (1.0) 3.2 (1.0) 4.0 (0.9) 3.0 (1.2) 4.1 (1.0)
Physical Science 3.0 (1.0) 3.1 (1.2) 2.8 (0.9) 2.9 (1.0) 2.7 (1.1) 3.0 (1.2)
Odds Ratio vs. Bio 0.82 ns 0.10��� 0.41��� 0.09��� 0.47�� 0.12���
Social Science 3.2 (1.0) 3.1 (1.1) 2.8 (0.9) 3.0 (0.9) 2.5 (1.2) 2.9 (1.2)
Odds Ratio vs. Bio 0.85 ns 0.11��� 0.27��� 0.14��� 0.37�� 0.14���
Arts and Humanities 3.3 (1.0) 3.2 (1.0) 2.9 (0.9) 2.9 (0.8) 2.7 (1.2) 2.7 (1.0)
Odds Ratio vs. Bio 1.1 ns 0.14��� 0.84 ns 0.12��� 0.77 ns 0.10���
I do not think that there is anything wrong with using animals in medical research.4
Agree 3.0 (1.1) 3.7 (1.2) 3.2 (1.0) 3.6 (1.0) 3.1 (1.2) 3.7 (1.2)
Odds Ratio vs. N 1.2 ns 2.1��� 2.9��� 2.4��� 3.0��� 2.9���
Neither (N) 2.9 (0.8) 3.1 (1.0) 2.6 (0.8) 2.9 (0.9) 2.4 (1.0) 2.8 (1.2)
Disagree 3.7 (0.9) 3.6 (1.0) 3.0 (0.9) 3.2 (1.0) 2.7 (1.1) 2.9 (1.2)




��� p<0.001. From S1, S2 and S8 Tables.
1Higher numbers indicate greater self-reported importance.
2Higher numbers indicate greater self-reported knowledge of arguments for and against.
3Higher numbers indicate greater self-reported knowledge to make informed decisions; excludes those answering “Don’t know”, which was 12% of students and 9% of
faculty.
4Agree = strongly agree and agree; N = neither agree nor disagree; Disagree = strongly disagree or disagree.
https://doi.org/10.1371/journal.pone.0223375.t003
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research at UW-Madison?”, most striking for students was the large fraction (47%) who
answered “nothing” to this question (Figs 3B and 4; S3 Table). This answer was not signifi-
cantly different between genders, but decreased as students progressed from sophomores to
seniors. The greatest variation was among academic disciplines, and odds for answering “noth-
ing” for all disciplines were 2.4- to 3.2-times higher than for biological sciences. Among stu-
dents expressing an opinion, average scores were below “some” (score of 3) (Table 4). Scores
in biological sciences were higher than in all other disciplines, but the difference was signifi-
cant only for physical sciences. For faculty, many trends were similar (Figs 3 and 4; Table 4; S3
Table). Just under one-fifth of all faculty reported they knew “nothing” about the rules and reg-
ulations. Compared to biological sciences, faculty in other disciplines had 14- to 29-times
higher odds for answering “nothing” to this question. Assistant professors gave this answer
more often than associate or full professors. Among faculty expressing an opinion, the mean
score was just above “some”. As for students, faculty in the biological sciences indicated the
greatest extent of knowledge. Finally, students who disagreed and faculty who agreed or dis-
agreed with animal research indicated greater knowledge (Table 4; S3 Table).
Questions IIC-F Adequacy of compliance and regulations. Regarding adequacy of com-
pliance (enforcement of laws, proposal review, minimization of harm to animals), most stu-
dents and many faculty responded with “don’t know” for each of these questions (Fig 4;
Table 4; S4 through S6 Tables). Faculty in the biological sciences were most likely to indicate
some knowledge. Higher appointment status for faculty was most often positively correlated
with the extent of knowledge, and student seniors and sometimes juniors indicated less uncer-
tainty than freshmen. For all questions, students answered “don’t know” more often than fac-
ulty. Of those expressing an opinion about compliance, the mean value was above the
midpoint (or 3.0) on each scale (Table 4; S4 through S6 Tables), with faculty in the biological
Fig 2. Dietary and animal research experience influences on importance of animal research. (A) Students and diet.
(B) Faculty and diet. (C) Students and animal research experience. (D) Faculty and animal research experience.
https://doi.org/10.1371/journal.pone.0223375.g002
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sciences typically rating UW’s compliance with laws and guidelines more highly than those in
other disciplines. Faculty expressed more confidence in compliance than students. Compli-
ance scores were highest among faculty supporters of animal research.
As with the preceding questions, many respondents answered “Don’t know” to the question
“In your opinion, are the rules and regulations regarding the use and welfare of animals in
research at UW-Madison. . .1 = excessive and should be reduced; 2 = adequate and should be
maintained; 3 = not tough enough and should be strengthened; -1 = Don’t know” (Fig 4;
Table 4; S7 Table). Of remaining respondents, answers clustered around “adequate and should
be maintained” (score of 2) (Table 4; S7 Table), with students expressing slightly less confi-
dence (higher score) in the sufficiency of regulations than faculty. This result was based pri-
marily on student-faculty differences in biological sciences, though in arts and humanities
student confidence was actually higher than for faculty. For students, women were slightly less
confident than men. Strong discipline differences were present for faculty, with biological
Fig 3. Knowledge about animal research. (A) Knowledge about facts and arguments for and against and about rules
and regulations governing animal research. (B) Knowledge about rules and regulations that protect the welfare of
animals in research.
https://doi.org/10.1371/journal.pone.0223375.g003
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science faculty most confident (lower score). Unsurprisingly, supporters of animal research
were more confident and opponents less confident in regulatory sufficiency.
Question IIG: Adequacy of information to make informed decisions. To complete our
assessment of general research question two, we asked respondents to evaluate the connection
between their perceived knowledge and decision-making ability. Responses to the question
“To what extent do you feel you have the information you need to make informed decisions
about when, how, or if at all animal research can be acceptable?” are presented in Fig 5,
Table 3, and S8 Table. A small percentage of respondents answered that they “did not
know”(S8 Table). Compared to biological sciences, odds that faculty in other disciplines would
answer the question with “don’t know” were 6- to 8-fold higher. Among those with an opinion,
students’ self-identified knowledge sufficiency was normally distributed with a mean close to
“somewhat” (score of 3), just below the center of the scale (Fig 5). For faculty, the curve was
shifted to the right, with similar percentages answering “a little”, “somewhat”, “quite a bit”,
Fig 4. Percent of respondents answering “Nothing” about knowledge of rules and regulations, and “Don’t know”
about adequacy of enforcement of laws, review of proposals, minimizing harm, and sufficiency of rules.
https://doi.org/10.1371/journal.pone.0223375.g004
Table 4. Among those expressing an opinion, distribution of ratings of knowledge of rules and regulations, and adequacy of enforcement of laws, review of propos-











Stu Fac Stu Fac Stu Fac Stu Fac Stu Fac
All 2.7 (0.9) 3.1 (1.1) 3.7 (1.0) 4.3 (0.7) 3.9 (1.0) 4.4 (0.7) 3.8 (1.1) 4.4 (0.8) 2.2 (0.6) 2.0 (0.5)
Male 2.7 (0.9) 3.3 (1.1) 3.9 (0.9) 4.3 (0.7) 3.9 (0.9) 4.4 (0.7) 4.1 (1.0) 4.4 (0.7) 2.0 (0.6) 1.9 (0.4)
Female 2.7 (0.9) 3.0 (1.2) 3.7 (1.0) 4.2 (0.8) 3.9 (0.9) 4.4 (0.6) 3.8 (1.0) 4.3 (0.8) 2.2 (0.6) 2.1 (0.5)
OR4 vs M 1.1 ns 0.67 ns 0.57 ns 0.59 ns 1.1 ns 0.83 ns 0.53 ns 1.0 ns 2.3� 1.4 ns
Bio. Sci. 2.9 (1.0) 3.8 (1.0) 4.0 (0.8) 4.5 (0.6) 4.1 (0.8) 4.5 (0.6) 4.0 (0.9) 4.6 (0.6) 2.2 (0.5) 1.8 (0.4)
Phys. Sci. 2.4 (0.8) 2.8 (0.9) 3.7 (0.7) 4.2 (0.6) 3.8 (0.9) 4.2 (0.8) 4.0 (0.9) 4.3 (0.9) 2.0 (0.7) 2.0 (0.4)
OR4 vs Bio 0.42� 0.12��� 0.26� 0.36��� 1.0 ns 0.35��� 0.58 ns 0.57 ns 0.55 ns 3.2��
Soc. Sci. 2.4 (0.6) 2.7 (0.8) 3.3 (1.2) 4.1 (0.9) 3.5 (1.0) 4.4 (0.6) 3.6 (1.3) 4.1 (0.8) 2.2 (0.8) 2.2 (0.4)
OR4 vs Bio 0.39 ns 0.14��� 0.34 ns 0.36�� 0.52 ns 0.61 ns 0.85 ns 0.33��� 1.6 ns 8.0���
A and H 2.6 (1.0) 2.6 (0.7) 2.8 (1.3) 3.7 (0.9) 3.1 (1.4) 4.0 (7.3) 3.1 (1.5) 3.8 (0.8) 2.2 (0.7) 2.4 (0.5)
OR4 vs Bio 0.74 ns 0.11��� 0.17 ns 0.09��� 0.9 ns 0.19��� 0.13� 0.11��� 0.46 ns 19���
I do not think that there is anything wrong with using animals in medical research.5
Agree 2.9 (1.0) 3.4 (1.1) 4.1 (0.8) 4.4 (0.6) 4.2 (0.8) 4.5 (0.5) 4.2 (0.8) 4.5 (0.6) 2.0 (0.4) 1.9 (0.4)
OR4 vs N 2.6��� 3.0��� 1.5 ns 2.6��� 2.5� 2.8��� 2.1 ns 2.8��� 0.60 ns 0.29��
Neither (N) 2.4 (0.6) 2.7 (0.8) 3.6 (1.0) 4.0 (0.7) 3.6 (1.0) 4.2 (0.7) 3.6 (1.1) 4.2 (0.7) 2.1 (0.4) 2.1 (0.5)
Disagree 2.5 (0.7) 2.9 (0.9) 3.1 (1.0) 3.8 (0.9) 3.3 (1.1) 4.1 (0.8) 3.3 (1.2) 3.7 (1.0) 2.5 (0.7) 2.4 (0.6)




��� p<0.001. From S2–S7 Tables.
1Higher numbers indicate greater self-reported knowledge
2Higher numbers indicate greater self-reported belief in quality of compliance
3Higher numbers indicate greater self-reported belief that regulations should be strengthened
4OR, Odds ratio using multivariate analysis
5Agree = strongly agree and agree; N = neither agree nor disagree; Disagree = strongly disagree or disagree.
https://doi.org/10.1371/journal.pone.0223375.t004
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and “a great deal.” In both groups, males expressed slightly more confidence in their knowl-
edge than females, and biological sciences faculty and students expressed greater confidence in
knowledge than those in other disciplines except for students in arts and humanities (Table 3).
Overall, faculty were less likely to respond “don’t know” than students. Faculty with an opin-
ion, especially in biological sciences, were more confident in their ability to make decisions
than students except, again, in arts and humanities. Finally, agreement and disagreement with
animal research acceptability both were correlated with increased confidence for both respon-
dent populations.
After assessing respondents’ perceived knowledge of animal research, we asked questions to
address our third general research question about sources of information on the topic.
Question IIIA: Sources of information. Respondents were asked “Have you ever seen,
heard, or read anything about the use of animals in research from any of the following
Fig 5. Possession of information necessary to make informed decisions about animal research.
https://doi.org/10.1371/journal.pone.0223375.g005
Fig 6. Sources of information. (A) Prevalence of sources of information about animals in research. (B) Trust in sources to provide
unbiased information. (C) Sufficiency of information from each source. For B and C, data is shown as mean ± standard deviation.
https://doi.org/10.1371/journal.pone.0223375.g006
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sources?” Fig 6A displays common sources of information about animals in research in
decreasing order of frequency for students. UW-Madison spokespersons are more commonly
listed as a source for faculty than for students, likely related in part to faculty’s longer average
time in residence on campus.
Question IIIB: Trust in sources. Strikingly, when asked “How much do you trust each of
the following sources to provide unbiased information about the use of animals in research?”,
both students and faculty answered that UW-Madison courses and UW-Madison official
spokespersons were the most highly trusted sources (Fig 6B).
We also assessed trust in university spokespersons and in animal activist groups as a func-
tion of respondent support for animal research. There was an inverse relationship in source
trust depending on level of support: supporters had greater trust in university spokespersons
and less trust in animal activist groups, while the converse was true for opponents (Table 5).
Interestingly, even among opponents of animal research, trust in university spokespersons was
as high as or higher than trust in activist groups.
Question IIIC: Amount of information received. Respondents were asked “Do you feel
the amount you have seen, heard, or read about the use of animals in research from each of the
following sources has been too little, just enough, or too much?” They identified UW-Madison
courses and official spokespersons as most likely to provide too little information out of all
listed sources (Fig 6C). Animal activist groups and social media sites were seen by students
and faculty as providing too much information, as were advertisements for faculty. From all
sources, students expressed more desire for additional information than did faculty.
Discussion
Research questions
Effective communication about the animal research controversy requires identifying what
information people need but lack to guide their decisions about when, if at all, animal research
can be acceptable. Once communicators acquire this information, they need to prepare appro-
priate messages for their target audience using sources those audiences follow and trust, and
from which they are interested in learning more [5,14]. This must be done in a manner that
respects the varied ethical beliefs about animals, including humans, among members of the
audience [4–7]. In this study, we describe our attempts to gather some of this information by
developing a survey tool and administering it to a sample of university undergraduate students
and all members of the faculty. The survey was designed to address three broad research
Table 5. Trust in sources of information about animal research as a function of respondent support for animal research.
I do not think that there is anything wrong with using animals in medical research.














Trust in UW-Madison spokespersons 3.5 (1.2) 3.3 (1.1) 3.0 (1.1) 27
���
3.8 (0.9) 3.3 (1.0) 3.1 (1.1) 78
���
Trust in animal activist groups 2.1 (1.1) 2.5 (1.1) 3.0 (1.2) 88
���
1.8 (0.9) 2.3 (0.9) 2.7 (1.0) 135
���
���, p<0.001 using Chi2
1Agree or strongly agree
2Neither agree nor disagree
3Disagree or strongly disagree
https://doi.org/10.1371/journal.pone.0223375.t005
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questions about whether they think this issue is important, how confident they are in their
knowledge about it, and who they trust to provide more information. Answers to these ques-
tions can help us to identify knowledge gaps and design appropriate and welcome communi-
cation. Our findings are relevant to campus-wide outreach efforts designed to improve
transparency, public discussion, and science policy about animal research, particularly in the
United States, where communication has been less transparent than in Europe [8].
First, we note several study limitations that are relevant to study interpretation. We sur-
veyed undergraduate students and faculty at only one university, and did not include members
of the general public. Thus, compared to the general public, our respondents had a higher
average level of education. Higher education has been associated with greater support for ani-
mal research [32–34]. However, our university is comparable to many other doctoral universi-
ties at which a large fraction of all animal research is conducted, so our findings should be
generalizable to other members of this group. Given the role that such universities have in sup-
porting and practicing animal research and their influential position regarding policy at the
local, state, and national levels, it is helpful to understand these communities even though they
are not representative of the general public in all ways.
Next, student responses may have been self-selected for perceived importance of the issue.
In particular, women represent 52% of the UW-Madison undergraduate student population,
yet 62% of respondents were women, and female students rated the issue to be more important
than men. (For faculty, the population and respondent genders were equivalent). Because of
this gender discrepancy, together with the low response rate for students, we cannot assume
that the student respondents’ answers to the questions are fully representative of the larger
population. However, the student “n” of 782 is very high compared to most student surveys in
this area. There is growing empirical evidence that high response rates, while undoubtedly
important, are often not as important an indicator of reliability as once believed, provided the
sample size is at least 500 individuals. For example, according to Fosnacht and colleagues [35],
“[w]ith few exceptions, we found estimates for several measures of college student engagement
to be reliable under low response rate conditions (5%-10%), provided the sampling frame
included at least 500 students”, and “few major differences were observed in medium [500–
1,000] or large [>1,000] administrations at low simulated response rates. . ..” Also, for both
importance and knowledge about arguments for and against the use of animals in research,
the student responses were normally distributed with means near the middle of each scale, so
our survey does capture the full range of student perspectives on each question.
As a final limitation, we note that much of the current debate about the justifiability of ani-
mal research arises from recent reports that biomedical research, including that using animals,
often lacks scientific rigor, reproducibility, and translatability to human medicine [36–38].
Because our paper focuses on broader categories of information relevant to improving efforts
for outreach and public dialog (which may well implicitly reflect respondents’ beliefs about
translatability and reliability) rather than the specific content of those efforts, that question is
not included in the present analysis. But we want to emphasize that people’s understanding of
the arguments and counterarguments surrounding this issue, and the ways that understanding
figures into people’s broader views about the ethics of animal research, are important areas for
future research. We also note that, even if biomedical science could eliminate these faults (and
thereby strengthen the benefit category of the typically utilitarian ethical assessment), animal
research would remain ethically contentious and outreach and public dialog would be no less
important.
Regarding our first research question about importance of this issue, we found that both
students and faculty identified animal research as an important topic. Only 23% of students
and 21% of faculty indicated the issue was “not at all important” or only “a little important”.
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Lund and colleagues [30] reported that, among focus groups in the Danish public, animal
research was not very “salient”, or often on their minds. However, UW-Madison publicly dis-
cusses this issue frequently and has been repeatedly criticized by animal activist groups. Thus,
animal research will be a more familiar topic within our academic community. This conclu-
sion also is supported by the high prevalence of identification in our survey of multiple sources
of information on the subject within the last 5 years. We did not ask respondents to rank the
importance of animal research relative to other issues, but can conclude that neither respon-
dent population dismisses animal research as irrelevant, and that this issue merits targeted and
proactive discussion on the university campus [2].
Our second research question sought to identify how much our respondents believed they
knew about animal research. We asked for respondents’ confidence in their knowledge about
arguments for and against animal research, and then about confidence in their knowledge
about rules and regulations, about how well UW-Madison complied, and about adequacy of
current regulations. Neither respondent group felt uniformly well-informed about any of these
subjects. In 2014, over $200 million of research funding per year (about 20% of all extramural
funding) at UW-Madison was associated with an Institutional Animal Care and Use Commit-
tee protocol, indicating that at least part of each of those funded projects was associated with
animal use. Despite the magnitude of this funding, over 70% of students and 55% of the faculty
indicated they knew only “some”, “a little”, or “nothing” about the “facts and arguments for
and against the use of animals in research”.
Animal use in research in the United States, as elsewhere, must be managed by an Animal
Care and Use Program [39] that is charged to ensure all relevant legal and regulatory require-
ments are met [40,41]. Lack of knowledge about those rules and regulations was also common
among survey respondents: 47% of students and 19% of faculty answered “nothing” in
response to the question “How much do you feel you know about the rules and regulations
regarding the use and welfare of animals in research at UW-Madison?”. For questions asking
about how well UW-Madison followed animal research laws and guidelines, 66–75% of stu-
dents and 42–50% of faculty indicated “don’t know”. However, for those indicating knowl-
edge, most respondents expressed confidence in the quality of compliance. Consistent with
this widespread self-reported lack of knowledge about details, answers to our last question
about knowledge indicated that 33% of faculty and 39% of students felt not at all to only a little
confident that they had sufficient information to decide when or if animal research was accept-
able. A survey of public attitudes in Great Britain toward animal research in 2016 reported a
similar distribution of knowledge about use of animals in scientific research [28]. These find-
ings highlight a tremendous gap in relevant knowledge about animal research within the uni-
versity community, and point to an equally enormous opportunity to promote discussion of
this controversial topic and improve the quality of personal and university decision-making.
Regarding our third general research questions about sources of information, students and
faculty received information about animal research from a variety of sources, but for both
groups UW-Madison courses and official spokespersons were most trusted to provide unbi-
ased information. Furthermore, these two sources were most likely to be identified as provid-
ing too little information by both segments of the university community. The 2016 British
survey of public attitudes [28] found animal care veterinarians and universities to be the most
trusted sources to provide balanced information, followed by animal protection organizations.
In our survey, animal “activist” groups were less trusted, but note the different choice of
words. Fiske and Dupree [14] identify communicator credibility as composed of two elements:
expertise (knowledge and accuracy) and trust. Trust, in particular, is accorded to scientists
most often when they are viewed as teachers [14]. Teaching is embedded in university courses,
and the trust expressed for UW-Madison spokespersons is consistent with their being viewed
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more as information-sharers than as advocates, even though their role does include advocacy.
Of course, members of an organization may be predisposed to trust that organization com-
pared to individuals on the outside. Yet regardless of cause, this trust will increase the willing-
ness to engage in additional conversation. In fact, as mentioned above, our respondent
populations expressed a strong desire for more such dialog.
Evaluations of demographic features of the responses allow us to refine our understanding
of both student and faculty attitudes and their confidence in knowledge, and compare our
respondent populations with those surveyed for other publications. A uniform finding in all
studies that have looked at gender, including ours, is a greater prevalence of support among
men for animal research [18–20,32,33,42–47]. We also observed that, among students, men
found the issue of animal research less important than women, but, interestingly, this was not
observed among faculty. With respect to knowledge of arguments, responses among students
and faculty did not reflect a gender preference after correcting for other variables. Women stu-
dents and faculty both felt slightly less confident than men in their ability to make informed
decisions. The gender-dependence of support for animal research in our study will be
addressed in more detail in a future publication. For all questions, faculty expressed greater
interest, knowledge, and confidence in compliance and their own decision-making ability
compared to students.
Academic discipline generally had a strong effect on answers to most questions, especially
for faculty. Biology faculty reported that the issue was more important than did faculty in
other disciplines. Strikingly, compared to biology faculty, physical sciences, social sciences,
and the arts and humanities had odds ratios of 3, 8, and 19, respectively, regarding belief that
the rules and regulations should be strengthened. Both biology students and faculty indicated
greater knowledge of and ability to make decisions about the subject. Increased knowledge is
not unexpected, since biology students and faculty are more likely to have learned about or
experienced this inherently biological type of research. Although the influence of science edu-
cation on attitudes toward animal research has been examined [32–34], we have not encoun-
tered a similarly detailed analysis of the influence of academic discipline.
Finally, pre-existing level of support for animal research had strong effects on rankings of
importance, extent of knowledge, and belief in compliance. Importance also was influenced by
animal experiences. Belief in compliance increased as support for animal research increased.
Importance and knowledge about arguments generally were ranked higher by those either
supporting or opposing animal research versus those with a neutral position. Thus, as expected
for a controversial issue, people with strong feelings pro or con indicate greater importance of
and confidence in knowledge about the subject. Perhaps most striking, though not unexpected,
was the correlation of higher importance with respondents who had been a vegetarian or
vegan or had worked on a research project using animals. This was especially marked for fac-
ulty, of which two-thirds of those who had worked with animals in research identified animal
research as “extremely important”. Our findings support suggestions that people establish
world-views about specific scientific issues characterized by consistency of beliefs [48].
In summary, students and faculty find the issue of animal research to be somewhat to very
important, but display little confidence in their knowledge about how it is regulated. Among
typical sources of information, UW-Madison courses and UW-Madison official spokespersons
are most highly trusted to provide unbiased information, and both sources are viewed as pro-
viding too little information. Many in both respondent populations are “somewhat” to “a great
deal” confident that they possess the necessary information to make decisions about the
acceptability of animal research, though a large fraction (49% of students and 32% of faculty)
are not.
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Implications of the history of animal research outreach
The history of extensive outreach about animal research at UW-Madison influences our con-
clusions about appropriate communication strategies and how best to foster good-faith dialog
within the academic community. First, the trust given to UW-Madison sources of information
may be in part a consequence of our historical pattern of open communication. Organizations
with a more limited history of communication may need to build trust as they initiate their
program of outreach. Second, even in the context of an environment with active communica-
tion about animal research, our university community has relatively little confidence in its
understanding of how and how well animal research is regulated, and the general public
almost certainly would be even less well-informed. Campus knowledge likely would have been
more limited in the absence of past outreach. Making good decisions about when animal
research is appropriate requires an understanding of the strengths and limitations of current
regulations. This understanding is particularly lacking outside of the biological sciences for
both students and faculty. Programs of outreach need to include discussions of current rules
and regulations, and will be strengthened by honest and thorough discussions of the organiza-
tion’s history of compliance coupled with an explicit recognition that being in compliance
does not equate with being ethically justified. Third, because animal research is seen as a some-
what to extremely important issue to most students and even more so by faculty across all dis-
ciplines, efforts to explain the subject, pro-actively address concerns, and provide public- or
community-wide opportunities for dialog from a diverse array of viewpoints should be viewed
as a best practice in the university setting. Fourth, given that our survey found that students
and faculty trust course-based information and UW-Madison spokespersons and that many
students and faculty report hearing too little from these sources, our findings strongly support
the conclusion that additional course-based discussion of the ethics of animal research and
additional university community engagement by university spokespersons would be appreci-
ated by our academic colleagues.
Conclusion
Our observations indicate that UW-Madison student and faculty views about animal use in
research display demographic variation commonly found in other surveys. Overall, animal
research is identified as being an important issue, though not one that is well-understood.
These findings suggest that, locally, UW-Madison should invest in additional campus outreach
efforts to discuss the arguments for and against the use of animals in research, the details of
regulation of this subject, and the effectiveness of compliance with the regulations. In particu-
lar, students and faculty outside of the biological sciences claim to have relatively little under-
standing of these subjects, and correspondingly feel less able to make informed decisions
about when, how, or if at all animal research is acceptable. The suggestion to invest in addi-
tional outreach efforts should be appropriate at other institutions as well, and may be viewed
as the reasonable default position when addressing other controversial topics. The university is
trusted by many to be honest about this issue, but both students and faculty indicated that the
university is providing too little information about these subjects. Outreach and support for
public dialog about animal research should be considered best practices, and failure to meet




Undergraduate student and faculty views on animal research
PLOS ONE | https://doi.org/10.1371/journal.pone.0223375 October 24, 2019 19 / 22
S2 Table. Arguments.
(DOCX)










S8 Table. Informed decisions.
(DOCX)
Acknowledgments
We thank many colleagues for excellent assistance during study development and interpreta-
tion, in particular Hal Herzog, Tara Piche, and John Stevenson.
Author Contributions
Conceptualization: Eric P. Sandgren, Robert Streiffer.
Data curation: Jennifer Dykema, Nadia Assad.
Formal analysis: Jennifer Dykema, Nadia Assad, Jackson Moberg.
Funding acquisition: Eric P. Sandgren.
Investigation: Jennifer Dykema, Nadia Assad.
Methodology: Eric P. Sandgren, Robert Streiffer, Jennifer Dykema, Nadia Assad.
Project administration: Jennifer Dykema, Nadia Assad.
Validation: Eric P. Sandgren, Robert Streiffer, Jennifer Dykema, Nadia Assad, Jackson
Moberg.
Visualization: Eric P. Sandgren.
Writing – original draft: Eric P. Sandgren.
Writing – review & editing: Eric P. Sandgren, Robert Streiffer, Jennifer Dykema, Nadia
Assad, Jackson Moberg.
References
1. Kleinman DL. Science, Technology, and Democracy. Albany: State University of New York Press;
2000.
2. Ormandy EH, Schuppli CA. Public Attitudes toward Animal Research: A Review. Animals. 2014; 4:
391–408. https://doi.org/10.3390/ani4030391 PMID: 26480314
Undergraduate student and faculty views on animal research
PLOS ONE | https://doi.org/10.1371/journal.pone.0223375 October 24, 2019 20 / 22
3. Pytlik Zillig LM, Tomkins AJ. Public Engagement for Informing Science and Technology Policy: What
Do We Know, What Do We Need to Know, and How Will We Get There? Rev Policy Res. 2011; 28:
197–217. https://doi.org/10.1111/j.1541-1338.2011.00489.x
4. Fischhoff B. The sciences of science communication. Proc Natl Acad Sci. 2013; 110: 14033–14039.
https://doi.org/10.1073/pnas.1213273110 PMID: 23942125
5. Fischhoff B, Scheufele DA. The Science of Science Communication II. Proc Natl Acad Sci. 2014; 111:
13583–13584. https://doi.org/10.1073/pnas.1414635111 PMID: 25225375
6. Scheufele D. Science communication as political communication. Proc Natl Acad Sci U S A. 2014; 111.
https://doi.org/10.1073/pnas.1317516111 PMID: 25225389
7. Scheufele DA. Communicating science in social settings. Proc Natl Acad Sci. 2013; 110: 14040–14047.
https://doi.org/10.1073/pnas.1213275110 PMID: 23940341
8. Wadman M. To woo public, Europe opens up on animal experiments, but U.S. less transparent. In: Sci-
ence | AAAS [Internet]. 14 Jul 2017. Available: https://www.sciencemag.org/news/2017/07/woo-public-
europe-opens-animal-experiments-us-less-transparent
9. Concordat on Openness on Animal Research in the UK. In: Concordat on Openness on Animal
Research in the UK [Internet]. [cited 3 Oct 2018]. Available: http://concordatopenness.org.uk/
10. Hobson-West P. The role of “public opinion” in the UK animal research debate. J Med Ethics. 2010; 36:
46–49. https://doi.org/10.1136/jme.2009.030817 PMID: 20026693
11. Germain P-L, Chiapperino L, Testa G. The European politics of animal experimentation: From Victorian
Britain to ‘Stop Vivisection.’ Stud Hist Philos Sci Part C Stud Hist Philos Biol Biomed Sci. 2017; 64: 75–
87. https://doi.org/10.1016/j.shpsc.2017.06.004 PMID: 28689133
12. Basel Declaration | Basel Declaration [Internet]. Available: https://www.basel-declaration.org/basel-
declaration/
13. Sandgren EP. The whole story on animal research. Lab Anim. 2014; 43: 187. https://doi.org/10.1038/
laban.508 PMID: 24844996
14. Fiske ST, Dupree C. Gaining trust as well as respect in communicating to motivated audiences about
science topics. Proc Natl Acad Sci. 2014; 111: 13593–13597. https://doi.org/10.1073/pnas.
1317505111 PMID: 25225372
15. Davies GF, Greenhough BJ, Hobson-West P, Kirk RGW, Applebee K, Bellingan LC, et al. Developing a
Collaborative Agenda for Humanities and Social Scientific Research on Laboratory Animal Science and
Welfare. Olsson IAS, editor. PLOS ONE. 2016; 11: e0158791. https://doi.org/10.1371/journal.pone.
0158791 PMID: 27428071
16. Couper M. Designing effective Web surveys. Cambridge: Cambridge University Press; 2008.
17. American Association for Public Opinion Research. Standard Definitions. Final Dispositions of Case
Codes and Outcome Rates for Surveys. 9th edition. Revised 2016.
18. Herzog HA, Betchart NS, Pittman RB. Gender, Sex Role Orientation, and Attitudes toward Animals.
Anthrozoös. 1991; 4: 184–191. https://doi.org/10.2752/089279391787057170
19. Plous S. Attitudes Toward the Use of Animals in Psychological Research and Education: Results From
a National Survey of Psychology Majors. Psychol Sci. 1996; 7: 352–358. https://doi.org/10.1111/j.1467-
9280.1996.tb00388.x
20. Swami V, Furnham A, Christopher AN. Free the animals? Investigating attitudes toward animal testing
in Britain and the United States. Scand J Psychol. 2008; 49: 269–276. https://doi.org/10.1111/j.1467-
9450.2008.00636.x PMID: 18419591
21. Herzog HA, Dorr LB. Electronically Available Surveys of Attitudes Toward Animals. Soc Anim. 2000; 8.
22. Gallup, Inc. Public Lukewarm on Animal Rights. In: Gallup.com [Internet]. [cited 13 Jul 2018]. Available:
https://news.gallup.com/poll/8461/Public-Lukewarm-Animal-Rights.aspx
23. Pew Research Center. Section 5: Evolution, Climate Change and Other Issues. In: Pew Research Cen-
ter for the People and the Press [Internet]. 9 Jul 2009 [cited 13 Jul 2018]. Available: http://www.people-
press.org/2009/07/09/section-5-evolution-climate-change-and-other-issues/
24. ebs_340_en.pdf [Internet]. Available: http://ec.europa.eu/commfrontoffice/publicopinion/archives/ebs/
ebs_340_en.pdf
25. 2015-07-01_science-and-politics_FINAL-1.pdf [Internet]. Available: http://assets.pewresearch.org/wp-
content/uploads/sites/14/2015/07/2015-07-01_science-and-politics_FINAL-1.pdf
26. Gallup GG, Beckstead JW. Attitudes Toward Animal Research. ILAR J. 1989; 31: 13–15. https://doi.
org/10.1093/ilar.31.2.13
27. sri-BIS_animal_research_2012_final_report_September_published_final.pdf [Internet]. Available:
https://www.ipsos.com/sites/default/files/publication/1970-01/sri-BIS_animal_research_2012_final_
report_September_published_final.pdf
Undergraduate student and faculty views on animal research
PLOS ONE | https://doi.org/10.1371/journal.pone.0223375 October 24, 2019 21 / 22
28. Public Attitudes To Animal Research In 2016. In: Ipsos [Internet]. Available: https://www.ipsos.com/en/
public-attitudes-animal-research-2016
29. Attitudes to animal research in 2016 [Internet]. [cited 13 Jul 2018]. Available: https://www.ipsos.com/
ipsos-mori/en-uk/attitudes-animal-research-2016
30. Lund TB, Lassen J, Sandøe P. Public Attitude Formation Regarding Animal Research. Anthrozoös.
2012; 25: 475–490. https://doi.org/10.2752/175303712X13479798785896
31. Herzog H, Grayson S, McCord D. Brief Measures of the Animal Attitude Scale. Anthrozoös. 2015; 28:
145–152. https://doi.org/10.2752/089279315X14129350721894
32. Navarro JF, Maldonado E, Pedraza C, Cavas M. Attitudes toward Animal Research among Psychology
Students in Spain. Psychol Rep. 2001; 89: 227–236. https://doi.org/10.2466/pr0.2001.89.2.227 PMID:
11783540
33. Pifer LK. Exploring the Gender Gap in Young Adults’ Attitudes about Animal Research. Soc Amp Anim.
1996; 4: 37–52. https://doi.org/10.1163/156853096X00034
34. Joffe AR, Bara M, Anton N, Nobis N. The ethics of animal research: a survey of the public and scientists
in North America. BMC Med Ethics. 2016; 17: 17. https://doi.org/10.1186/s12910-016-0100-x PMID:
27025215
35. Fosnacht K, Sarraf S, Howe E, Peck LK. How Important are High Response Rates for College Surveys?
Rev High Educ. 2017; 40: 245–265. https://doi.org/10.1353/rhe.2017.0003
36. Pound P, Ebrahim S, Sandercock P, Bracken MB, Roberts I. Where is the evidence that animal
research benefits humans? BMJ. 2004; 328: 514–517. https://doi.org/10.1136/bmj.328.7438.514
PMID: 14988196
37. Hackam DG. Translating animal research into clinical benefit. BMJ. 2007; 334: 163–164. https://doi.org/
10.1136/bmj.39104.362951.80 PMID: 17255568
38. Baker M. 1,500 scientists lift the lid on reproducibility. Nature. 2016; 533: 452–454. https://doi.org/10.
1038/533452a PMID: 27225100
39. Sandgren EP. Defining the Animal Care and Use Program. Lab Anim. 2005; 34: 41–44. https://doi.org/
10.1038/laban1105-41 PMID: 16261152
40. USDA APHIS | Animal Welfare Act [Internet]. [cited 6 Dec 2018]. Available: https://www.aphis.usda.
gov/aphis/ourfocus/animalwelfare/sa_awa
41. ILAR NRC. Guide for the Care and Use of Laboratory Animals: Eighth Edition [Internet]. The National
Academies Press; 2011. https://doi.org/10.1258/la.2010.010031
42. Hagelin J, Carlsson H-E, Hau J. An overview of surveys on how people view animal experimentation:
some factors that may influence the outcome. Public Underst Sci. 2003; 12: 67–81. https://doi.org/10.
1177/0963662503012001247
43. Gavin SL, Herzog HA. The Ethical Judgment of Animal Research. Ethics Behav. 1992; 2: 263–286.
https://doi.org/10.1207/s15327019eb0204_4 PMID: 11651614
44. Henry B, Pulcino R. Individual Difference and Study-Specific Characteristics Influencing Attitudes about
the Use of Animals in Medical Research. Soc Amp Anim. 2009; 17: 305–324. https://doi.org/10.1163/
106311109X12474622855101
45. Masterton M, Renberg T, Kälvemark Sporrong S. Patients’ Attitudes Towards Animal Testing: “To Con-
duct Research On Animals Is, I Suppose, A Necessary Evil.” BioSocieties. 2014; 9. https://doi.org/10.
1057/biosoc.2013.39
46. Rajecki DW, Rasmussen JL, Craft HD. Labels and the Treatment of Animals: Archival and Experimental
Cases. Soc Amp Anim. 1993; 1: 45–60. https://doi.org/10.1163/156853093X00145
47. Pifer L, Shimizu K, Pifer R. Public Attitudes Toward Animal Research: Some International Compari-
sons. Soc Amp Anim. 1994; 2: 95–113. https://doi.org/10.1163/156853094X00126
48. Dietz T. Bringing values and deliberation to science communication. Proc Natl Acad Sci. 2013; 110:
14081–14087. https://doi.org/10.1073/pnas.1212740110 PMID: 23940350
Undergraduate student and faculty views on animal research
PLOS ONE | https://doi.org/10.1371/journal.pone.0223375 October 24, 2019 22 / 22
